The objective of the present study was to characterize chemically the essential oils of two distinct propolis types: Brazilian red and Taiwanese green. Unlike the non-volatile chemical composition of these types of propolis, which has been extensively studied, the knowledge of the essential oils is scarce or even not investigated. The essential oils were obtained by hydrodistillation of raw propolis samples using a Likens-Nickerson type apparatus and then analyzed by GC/MS. The main volatile components of Brazilian red propolis were the phenylpropanoids: elemicin (26.1-27.5%), methyl eugenol (16.3-23.8%), transmethyl isoeugenol (9.2-11.6%), isoelemicin (6.1-7.1%) and trans-anethole (4.4-7.1%), while the major constituents of Taiwanese green propolis essential oil were: β-eudesmol (13.9%), 6-methyl-3,5-heptadiene-2-one (12.2%), γ-eudesmol (4.4%), geranial (4.1%) and 6-methyl-5-heptene-2-one (3.7%).
Propolis (bee glue) is a bee product of plant origin, which is used in the hive as building material and a defensive substance. It is a complex mixture of resin, collected by bees from plant buds and exudates, and beeswax. Since ancient times, propolis has been widely used in folk medicine. Nowadays, its beneficial properties and biological activities have been extensively studied and it is proved that propolis exhibits antimicrobial, antioxidant, antiinflammatory, immunostimulating, hepatoprotective as well as cytotoxic activity as it contains a large number of bioactive molecules [1, 2] . The chemical composition of bee glue is highly variable and depends mainly on the local flora, but despite the differences in origin and composition, propolis samples show very similar biological activity [3] . This leads to the continued increase of propolis use, for example in OTCs (over-the-counter preparations), "bio"-cosmetics and functional foods. Raw propolis is composed of about 50% resin and vegetable balsam (consisting mainly of phenolics and di-and triterpenoids), about 30% wax, 10% essential and aromatic oils, 5% pollen, and other substances [4] . In spite of their low concentrations volatile compounds of propolis are of importance because they are known to possess valuable biological activities, especially antibacterial, which contribute to the biological activity of propolis. This fact, along with their pleasant aroma, makes them of high relevance for cosmetics and especially for the food industry as preservatives [5, 6] . Therefore, the present work focuses on the determination of the essential oil chemical compositions of two distinct propolis types: Brazilian red and Taiwanese green. Unlike the non-volatile chemical composition of these types of propolis, which has been extensively studied, their essential oils are little or not investigated. There are only data on the chemical composition of volatiles obtained by a dynamic headspace technique from Brazilian red propolis [7] . Till now the chemical composition and biological activity of Taiwanese green propolis essential oil have never been investigated.
The essential oils of Brazilian red (three samples) and Taiwanese green (one sample) propolis were obtained by hydrodistillation of raw propolis samples in a Likens-Nickerson type apparatus and then analyzed by GC/MS. In Brazilian red propolis essential oil (samples R-1, R-2 and R-3), for which the main plant source is Dalbergia ecastophyllum, 69 volatiles were identified, which constitute 92.1%, 97.8% and 96.4% of the oil, respectively. The data obtained are summarized in Table 1 . The quantities measured correspond to the percentage of total ion current and are not a true quantitation. However, they are completely reliable in the case of comparison between samples having similar qualitative composition [8, 9] .
In all three studied samples the main volatile components, comprising significant parts of the total oil, were the phenylpropanoids: elemicin (26.1-27.5%), methyl eugenol (16.3-23.8%), trans-methyl isoeugenol (9.2-11.6%), isoelemicin (6.1-7.1%) and trans-anethole (4.4-7.1%), a mixture which we have already isolated from Brazilian red propolis [10] . Partially our results corroborate those of Nunes et al., who investigated the volatile fraction of Brazilian red propolis, obtained by a dynamic headspace technique, and also found phenylpropanoids as the major constituents [7] . However, as expected, the differences were both quantitative and qualitative, which once again proves that the chemical composition of an essential oil is dependent on the extraction method [11] . The presence of high amounts of phenyl propanoids in Brazilian red propolis essential oil seems to be unique comparing it with other types of propolis volatiles [12] . As regards the other components of the oil, in all three samples, as in poplar type propolis essential oil, sesquiterpenes predominate over monoterpenes. Monoterpene hydrocarbons are missing and oxygenated monoterpenes, except for linalool, are contained only in sample R-3. β-Caryophyllene and spathulenol (R-1), α-copaene (R-2 and R-3) and β-bisabolene (R-3) were also in appreciable percentages.
Taiwanese green propolis is a Pacific type and its plant source is Macaranga tanarius. Till now its essential oil composition is unreported. Hydrodistillation of raw propolis produced a colorless volatile oil, which was analyzed by GC/MS. The chemical composition of the essential oil is summarized in Table 2 .
Among 91 identified constituents, representing approximately 77% of the total oil, β-eudesmol (13.9%), 6-methyl-3,5-heptadiene-2-one (12.2%) and γ-eudesmol (4.4%) were the most abundant. c The total ion current (TIC) generated depends on characteristics of the compound concerned and is not a true quantification; d Traces of compound identified. In quantification of different classes of compounds the amounts of traces are not included. Oxygenated mono-and sesquiterpenes predominate over terpene hydrocarbons and sesquiterpenes are more than monoterpenes. The oxygenated monoterpenes represent 12.2% of the oil, with geranial as the main part. Unlike Brazilian red propolis volatiles, the Taiwanese green propolis essential oil contains a significant amount of aliphatic alcohols, aldehydes and ketones (19.7%) and very low amounts of phenylpropanoids (0.5%). The amount of aliphatic hydrocarbons is significant (17.7% of the total oil), with tricosane the principal compound. The major compound, β-eudesmol, is very typical for poplar type propolis volatiles. The main components of popular Brazilian green propolis essential oil, β-caryophyllene and trans-nerolidol, are missing [13, 14] . An appreciable part of the compounds remained unidentified, so further research is needed for their identification.
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The present work provides additional insights into Brazilian red and Taiwanese green propolis concerning the chemical composition of their volatiles. The phenylpropanoids, identified as main components of Brazilian red propolis essential oil, can be eventually used as its chemical markers. As far as it concerns Taiwanese green propolis this is the first report about the chemical composition of its essential oil. However, further research is needed to reveal the biological activity of the investigated volatiles, as well as their potential and contribution to the biological activity and medicinal application of propolis.
Experimental
Propolis samples: The investigated propolis samples are commercial. Their plant sources and propolis type are determined by TLC comparison with authentic samples.
Essential oil extraction:
The raw propolis samples were grated after cooling and subjected to hydrodistillation in a LikensNickerson type apparatus for 4 h. The collected distillates were extracted with diethyl ether/n-pentane (1:1). The extracts obtained were dried over anhydrous Na 2 SO 4 , evaporated and stored in a freezer until GC/MS analysis. The essential oil content of the Brazilian red propolis samples was 0.12% (R-1) and 0.11% (R-2, R-3) and of the Taiwanese green-0.05% based on the weight of raw propolis.
GC/MS analysis:
Analysis of the oils was performed on a HewlettPackard gas chromatograph 5890 series II Plus linked to a HewlettPackard 5972 mass spectrometer system equipped with a HP5-MS capillary column (30 m x 0.25 mm and 0.25 μm film thickness). The ion source was set at 250°C and the ionisation voltage at 70 eV. The temperature was programmed from 40 -280°C at a rate of 6°C/min, and helium was used as the carrier gas at a flow rate of 0.8 mL/min. The split ratio was 1:10, the injector temperature 280°C. Acquisition mass range m/z 35-750; scan time 49 min. The identification of the compounds was based on their retention indices (RI), obtained using n-alkanes (C8-C40), and by comparison of their EI-mass spectra with NIST library spectra and literature [15] .
